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@ Numerically controlled machine too!. 

(g) A numerically controlled machine tool (1), such as a 
grinding machine, is capable of nnachining a workpiece with a 
precise dimension by measuring a workpiece machining 
dimension and/or a tool length. According to one aspect of the 
invention, when the. machining operation is provisionally 
terminated, a machining dimension of the workpiece (9) is 
measured without dismounting the workpiece (9) from a table. If 
a machining error is detected, the workpiece is further 
machined to a target dimension to thus eliminate the machining 
error. According to another aspect of the Invention, the grinding 
surface of a grinder is subjected to dressing or truing, and the 
length of the grinder reduced through the dressing or truing is 
detected to determine the actual length of the grinder. With the 
known length of the grinder, the feeding amount of the grinder 
with respect to the workpiece is set tor the subsequent 
machining oF>eration. 
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Description 



NUMERICALLY CONTROLLED MACHINE TOOL 



The present invention relates generally to a 
nurnerically controlled machine tool, such as grinder. 
More particularly, the invention relates to such a 5 
machine tool having a function of correcting a 
machining dimension of a workpiece and/or a 
function of setting a tool length after truing or 
dressing has been performed. 

Conventionally, a machine tool equipped with a io 
numerical control (referred to "NC") apparatus has 
been so designed as to correct machining dimen- 
sion of a workpiece by changing or setting tool 
correction value. In the case where the correction 
value is determined in accordance with only tool 75 
dimension measured by a tool presetter, such 
conventional machine tool cannot correct other 
factors such as deformation or displacement of 
components and tools thereof owing to thermal 
stress or abrasion of tools. Therefore, when such ^ 
conventional machine tool is used for a high 
precision machining, it is necessary to correct the 
tool correction value by actually measuring a 
dimension of the workpiece after being worked by 
the machine tool. 25 

In the conventional NO type machine tool, the 
workpiece should be dismounted from the machine 
tool to measure the dimension of the workpiece. 

Another conventional machine tool equipped with 
an automatic tool changer (ATC) such as machining 30 
center has been provided with a measuring device 
assembled on a tool holder as one of tools. In such 
machine tool, the dimension of the workpiece is 
measured by the measuring device which Is 
mounted on a main spindle in the same manner as 35 
ordinary tool exchanger. 

The former type machine tool, however, may 
cause a problem that a relatively long working time is 
required to measure the workpiece after dismount- 
ing it from the machine tool and a skilled operator is 40 
also required to precisely correct the tool correction 
value in accordance with the measured data. 

The latter type machine tool with ATC must 
temporarily replace Its woring tool with the measur-' 
ing tool to measure the dimension of the workpiece, 4S 
thereby resulting in time loss. Although the working 
tool is remounted on the machine tool after 
measurement, mounting state such as mounting 
angle and alignment of the working tool with the 
main spindle cannot be completely matched with the 50 
former mounting state before measurement. This 
may cause a further problem that the measured data 
is not directly reflected in the tool correction value. 

On the other hand, the conventional machine tool 
equipped with an NO device has been operated 55 
according to a processing program which is ar- 
ranged to use a correction of tool length In order to - 
adapt the machine tool for general purposes. In a 
grinding machine. It is necessary to perform truing or 
dressing for its grinding tool in order to restore the 60 
tool to its original shape and sharpness. After truing 
or dressing, the tool length is measured and then the 
tool correction value is corrected. 



In prior arts, the grinding tool should be dis- 
mounted from a main spindle to measure the tool 
length by a tool presetter so allowing entry of the 
tool correction value in response to the measured 
tool length. 

Alternatively, the grinding tool mounted on the 
main spindle, without dismouonting from the ma- 
chine tool, can be brought into contact with a 
reference block where dimension is previously 
measured to measure the -tool dimension and the 
measured value is set into the program, or the 
grinding tool can be brought into contact with a 
touch switch fixed in place of the reference block to 
automatically measure the tool dimension. 

The first type grinding machine, however, may 
cause a problem that a relatively long working time is 
required to measure the grinding tool after dis- 
mounting it from the main spindle. Further mounting 
state such as mounting angle and alignment of the 
grinding tool on the main spindle can not be 
completely identified with the mounting state before 
measurement. This may cause another problem that 
the measured data is not directly reflected to the 
correction value. 

The second type grinding machine with the 
reference block is carried out withmanual operation 
to measure the tool length, thereby resulting in 
time-loss and demanding a skilled operator. 

Further, the third type grinding machine with the 
touch sensor stationariiy mounted on the machine 
cannot measure the changed (reduced) amount of 
the grinder for truing or dressing which is ground 
with the grinding tool. 

The above three conventional machines cause a 
common problem that the program data for truing or 
dressing has to be corrected whenever the truing or 
the dressing is carried out, therefore time-loss is 
caused. 

The present invention has been made to eliminate 
the above-noted problems, and it is an object of the 
invention to provide a numerically controlled ma- 
chine tool capable of machining a workpiece to a 
target dimension by measuring the dimension of a 
machining workpiece and correcting a machining 
dimension of the tool. 

Another object of the present invention is to 
provide a machining dimension measuring device 
capable of measuring the dimension of the work- 
piece. 

Still another object of the present invention is to 
provide a grinding machine for grinding the surface, 
of a workpiece, where the length of a grinding tool 
after the latter is subjected to truing or dressing is 
measured to thus perform the machining operation 
with the corrected length of the grinding tool, in 
which case there is no need to change the mounting 
condition of the grinding tool on a main spindle. 

Yet another object of the present invention is to 
provide a grinding machine in which a reduced 
amount of a truing or dressing grinder caused by the 
truing or dressing is measured and a truing or 
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dressing program for an NC apparatus Is automati- 
cally corrected in accordance with a value thus 
measured. A machining cycle comprising dressing 
or truing and grinding can be repeatedly perfonned. 

In order to achieve the above and other objects, 
according to a first aspect of the present invention, 
there is provided 'a machine tool tor machrning a 
workpiece with a tool, comprising: 
a numerical control apparatus having a function to 
control a relative movement of the tool with respect 
to the workpiece, the tool being mounted on a main 
spindle, the main spindle being rotatably mounted 
.on a main spindle head; 

a machining dimension measuring device attached 
to the main spindle head tor measuring a machining 
dimension of the workpiece, said measuring device 
including a contact sensor, for sensing a position 
and outputting a position signal representative of the 
sensed position; 

a first storage means for storing a first position 
signal outputted from said contact sensor when said 
contact sensor contacts a machining surface of the 
workpiece provisionally machined by the tool; 
a second storage means for storing a second 
position signal outputted from said contact sensor 
when said contact sensor contacts a reference 
plane; 

a machining error calculating means for calculating a 
machining error based upon a difference between 
the machining surface and the reference plane in 
accordance with the first position signal stored in 
said first storage means and the second position 
signal stored in said second storage means, said 
calculating means outputting an error signal; 
an error correcting means for producing an error 
correction signal in response to the error signal; and 
wherein said numerical control apparatus controls 
the relative movement of the tool with respect to the 
workpiece in response to the error correction signal 
to thus finishingly machine the workpiece to have 
substantially no machining error. 

In the machine tool thus arranged, when the 
machining operation for the workpiece is provision- 
ally terminated, both the machining tool and the 
workpiece are left as they are. and the positions or 
heights of the machining surface of the workpiece 
and the reference plane are measured by the 
contact sensor to thus detect the machining error 
based upon a difference between the actually 
machined dimension and the target machining 
dimension. Based upon the machining error thus 
obtained, the tool correction value is renewed, and 
the workpiece is gain machined in accordance with 
the renewal data of the tool correction value. 
Accordingly, the workpiece is finally be machined 
while eliminating all the error factors including the 
error of the tool length. 

According to a second aspect of the invention, 
there is provided a machining dimension measuring 
device for use in a machine tool wherein a workpiece 
is machined with a tool attached to a main spindle 
,said main spindle being rotatably mounted on a 
main spindle head, said device comprising: 
a bell crank pivotally movably supported on one side 
of the main spindle head, said bell crank having a 



first arm and a second- arm; 
sensing means including a contact sensor fixedly 
secured to the first arm for sensing a position and 
outputting a position signal representative of the 
5 ' sensed position; and 

an actuator coupled between said second arm and 
said main spindle for actuating said beli crank to 
pivotally move said contact sensor between a first 
position and a second position wherein said. contact 
10 sensor is capable of sensing the position when 
moved to the first position and is Incapable of 
sensing the position when moved to. the second 
position. 

According to a third aspect of the invention, there 
75 is provided, a grinding machine for grinding a 
workpiece with a grinding tool mounted on a main 
spindle, the main spindle being rotatably mounted 
on a main spindle head, comprising: 
a numerical control apparatus having a function to 
20 determine a length of the grinding tool, said 
numerical control apparatus having a dressing or 
truing program; 

a dressing/truing means having a dressing or a 
truing surface for dressing or truing the grinding tool 

25 mounted on the main spindle head; 

a tool length measuring device for measuring the 
length of the grinding tool, said measuring device 
including a contact sensor, for sensing a position 
and outputting a position signal representative of the 

30 sensed position; 

..a first storage means for storing a first position data 
representative of the position of the main spindle at 
the time when the dressing or truing by said 
dressing/truing means terminated; 

35 a second storage means for storing a second 
position data representative of a second position 
outputted from said contact sensor when said 
contact sensor contacts the dressing surface of said 
dressing/truing means through a relative movement 

40 of said contact sensor with respect to said dressing/ 
truing means ; 

a third storage means for storing a third position 
data representative of a third position outputted 
from said contact sensor when said contact sensor 
45 contacts a reference plane through a relative 
movement of said contact sensor with respect to the 
reference plane; 

a tool length calculating means for calculating the 
length of the grinding tool in accordance with the 

50 first position data, the second position data, and the 
third position data, said calculating means output- 
ting a calculating data representative of the calcu- 
lated length of the grinding tool; and 
a tool length determining means for determining the 

55 length of the grinding tool in accordance with the 
calculated data and providing a tool length data, said 
tool length data being applied to said numerical 
control apparatus. 
The grinding machine may further comprises: 

60 a reduced length calculating means responsive to 
the first, second and third position data for calculat- 
ing a reduced length of said grinding tool through 
the dressing or truing of said grinding tool; and 
a dressing/truing data correcting means for conrec- 

65 ting the dressing or truing program in said numerical 
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control apparatus in accordance with the calculated 
reduced length to set the dressing or truing amount 
to a predetermined value. 

In the grinding machine thus arranged, after the 
dressing or truing of the grinding tooi mounted on 
the main spindle, the length of the grinding toofor a 
cut depth of The grinding tool is measured by the tool 
length measuring device and the length thus 
measured is stored in the first storage means. Then, 
the second position or height of the dressing u 
surface and the third position or height of the 
reference plane are detected by the contact sensor. 
From the values thus obtained, the length of the 
grinding tool is calculated and the length data is 
stored in a to6l correction area. The subsequent u 
grinding operations are performed based upon the 
data stored therein. During the above procedure, ft is 
not necessary to demount the grinding tool from the 
main spindle. 

The present invention will be further described by 20 
way of non-limitative Example with reference to the 
accompanying drawings, in which: 

Fig. 1 is a block diagram for description of an 
inventive concept in accordance with a first 
aspect of the present invention; 25 

Fig. 2 is a block diagram for description of an 
Inventive concept in accordance with a second 
aspect of the present invention ; 

Figs. 3A and SB are elevational cross-sec- 
tional views showing a grinding machine ac- 30 
cording to a first embodiment of the present 
invention; 

Figs. 4A and 4B are elevational cross-sec- 
tional views showing a grinding machine ac- 
cording to a second embodiment of the present 35 
invention; 

Fig. 5 is a schematical illustration diagram for 
description of a positional relationship between 
various elements under a dressing condition ; 

Fig. 6 is a flowchart for description of the 40 
processings performed by a machine tool 
according to the first embodiment of the 
present invention ; and 

Fig. 7 is a flowchart for description of the 
processings performed by a machine tool 45 
according to the second embodiment of the 
present invention. 
A first embodiment of the present invention will be 
described with reference to Figs. SA. SB and. 6. 
Figs. 3A and 3B are elevational cross-Sectional view 50 
showing one example of a grinder to which the 
present invention Is applied. 

A stationary column 11 is provided with a main 
spindle head 12 which is reciprocally movable in the 
vertical direction along the column 11. A table 13 is 55 
movable in the right-and-left direction and the 
fore-and-aft direction. The main spindle head 12 and 
the table 13 are driven by feed motors (not shown), 
and their positions are controlled by an NC device 1 
independently of. each other. A jig 14 is fixedly 60 
mounted on the table 13 on which a workpiece 15 
made of, for example, ceramics is fixedly mounted. A 
main spindle 16 is rotatably mounted on the main 
spindle head 12 and a tool 17 such as a grinding 
wheel is attached to the main spindle 16. The 65 



workpiece 15 is ground by the tool 17 as the tool 17 
is rotated by the main spindle 16. 

A machined dimension measuring device 3 is 
provided on one side of the main spindle head 12 
through a box shape- bracket 21 fixed on the lower 
side position of the main spindle head '12. A 
ball-and-roller bearing 22 is provided in the bracket 
21 , a bell crank 23 is pivotally swingably supported 
by the bearing 22. The bell crank 23 has a long ann 
23A whose end is provided with a contact sensor 4. 
As the contact sensor 4, a high precision switch 
which has an excellent precision is used in terms of 
repetitive use. Another bracket 25 Is attached to the 
upper side portion of the main spindle head 12. The 
bell crank 23 also has a short arm 238 whose end is 
connected to one end of a pneumatic cylinder 26. 
The other end of the pneumatic cylinder 26 is 
pivotally movably supported on the braket 25 
through a connecting shaft 27. The pneumatic 
cylinder 26 includes a piston rod 28 having one end 
fixed to a joint 29. The joint 29 includes a shaft 30 
through which the pistpn rod 28 Is pivotally movably 
coupled to the short arm 23B. The pneumatic 
cylinder 26 functions as an actuator for swingably 
moving the bell crank 23. 

The bell crank 23 is further provided with a stopper 
31 which extends from the angle portion of the bell 
crank 23 where the short arm 23B and the long arm 
23A merges. When the piston rod 28 of the 
pneumatic cylinder 26 projects downwardly and 
reached to the lower dead point, the stopper 31 is 
brought into contact with the side surface of the 
main spindle head 12 as shown In Rg. 38. Thus, the 
swinging motion of the bell crank 23 is limited by the 
combination of the stopper 31 and the pneumatic 
cylinder 26 and hence the bell crank 23 is kept 
stationary. In this condition, the contact sensor 4 is 
allowed to contact the workpiece 15 to measure the 
height thereof. On the other hand, when the piston 
rod 28 of the pneumatic cylinder 26 is retracted or 
withdrawn, the bell crank 23 returns to the rest 
position where the long arm 23A is directed 
rightwardly as shown in Fig. 3A. 

At the measuring position, the bell crank 23 is kept 
stationary owing to the urging force of the pneu- 
matic cylinder 26 whereupon the stopper 31 is 
brought Into contact with the main spindle head 12. 
Even if the rotational axis of the ball-and-roller 
bearing 22 is loosely moved within several microns, 
the bell crank 23 Is kept stationary due to the 
stopper 31 and thus the measuring position of, the 
contact sensor 4 is also kept at a fixed position. The 
machined dimension measuring device 3 is advant- 
ageous in that one pneumatic cylinder 26 serves as 
an actuator for moving the contact sensor 4 Eind a 
fixing means for fixing the contact sensor 4 at the 
measuring position. 

In this embodiment, a top surface 15A of the 
workpiece 15 is ground to make its height into a 
target dimension. To this end, grinding work, 
measuring work, and correction grinding, work are 
sequentially carried out in the stated order. Those 
works are carried out under the control of a 
computer incorporated in the NC apparatus. A 
program for operating the computer to this effect is 
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shown by way of a flowchart in Fig. 6. 

Upon starting the processing In step 100, a 
machining operation (grinding work) for the work- 
piece is carried out In accordance with a given NC 
machining program. In this stage, the pneumatic, 
cylinder 26 has not yet been actuated and thus the 
contact sensor 4 is in the rest position, After the 
machining operation has terminated, the program 
advances to step 102 where the main spindle head 
12 is elevated and then the cylinder rod 28 of the 
pneumatic cylinder 26 projects to pivotally move the 
bell crank 23 to the measuring position. In step 103, 
the table 13 is moved to an appropriate position and 
the main spindle head 12 is gradually descended 
until the contact sensor 4 is broujght into contact 
with the machiped surface 15A of the workplace 15 
whereupon the contact sensor 4 outputs a contact 
indicative signal, in step 104, a first position of the 
main spindle head 12 at the time when the contact 
sensor 4 outputs the contact indicative signal is 
stored as position information HI. 

In step 105, the main spindle head 12 is again 
elevated to make the contact sensor 4 apart from the 
workpiece 15, and the table 13 is slidingly moved in 
the horizontal direction. Subsequently, the main 
spindle head 12 is descended to bring the contact 
sensor 4 into contact with a machining reference 
surface 14A of the jig 14. In step 106, a second 
position of the main spindle head 12 at the time when 
the contact sensor 4 outputs the contact indicative 
signal is stored as position information H2. 

1n step 107. the main spindle head 12 is elevated 
and the cylinder rod 28 of the pneumatic cylinder 25 
is retracted to thereby return the bell crank 23 into 
its rest position. 

In step 108, the machined dimension of the 
workpiece 15 is calculated in accordance with the 
position informations HI and H2 representative of 
the first and second positions of the main spindle 
head to obtain a machining error between the 
actually machined dimension and the target dimen- 
sion. In step 109, the error thus obtained is checked 
whether or not rt is outside an allowable range. If no, 
I.e. when the error is within the allowable range, the 
program advances to step 112 to thereby end the 
program. On the other hand, when yes, i.e. when the 
error is greater than the allowable range, the 
program advances, to step 110. In step 110, the tool 
correction value which has been stored in advance 
in the NC apparatus 1 is corrected in proportion to 
the error tor correcting the machined error. In step 
111. the workpiece 15 is again subjected to a second 
machining (grinding) operation which is controlied 
by the corrected tool correction value. Thereafter, 
the series of the machining processings 100 ends in 
step 112. 

As given description above, the machine tool 
according to the present Invention can measure the 
machined dimension of the workpiece 15 after the 
first machining operation^ is performed without 
removing the workpiece 15 and detaching the tool 17 
frpm the machine tool, and the subsequent machin- 
ing operation with respect to the same workpiece 15 
Is performed with the corrected tool correction value 
ff the error is present. Since the corrected tool 



correction value covers various factors, such as 
thermal deformation and tool abrasion which may 
cause a machining error, the machine tool ensures a 
high precision machining. Further, the sequence of 
5 the processings as described is automatically 
executed so that the machining operation is firiished 
within a short pe.nod of time and with a high 
machining efficiency. 

In this embodiment, a high precision switch is 

10 employed for the contact sensor 4 which can 
mechanically sense the height of the machined 
surface 15A of the workpiece 15, therefore, the 
machine tool according to the present invention can 
be easily applied to various workpiece t5 made of 

IS non-iron material such as ceramics, and can be 
produced at a low cost. 

Although in the above embodiment, description 
has been made with respect to the case where the 
height of the workpiece 15 Is corrected, the 

20 widthwise dimension of the workpiece 15 can also 
be corrected by providing a plurality of contact 
sensors at the tip end of the long arm 23 to thereby 
detect widthwise dimension thereof. 

As described, according to the first embodiment, 

25 various excellent effects can be obtained such that 
the machine tool can perform precise machining 
operations while correcting various error factors 
such as thermal deformation or tool abrasion. 
Further, since the movement of the contact 

30 sensor and fixing of the same are achieved by a 
single actuator, the machined dimension measuring 
device can be assembled with a simple structure and 
at a low low cost. In addition, the machined 
dimension measuring device can easily be. installed 

35 to existing machine tools. Therefore, the existing 
machine tools can be rebuilt through a simple 
procedure. 

Next, a second embodiment of the present 
Invention will be described while referring to 

40 Figs. 4A, 4B, 5 and 7. Figs. 4A and 4B are elevational 
cross-sectional views showing the second embodi- 
ment of the invention, in which the same reference 
numerals as shown in Figs. 3A and 3B denote the 
same components or elements as those shown 

45 therein. Therefore, description thereof Is omitted 
herein. 

On the table 13. a dressing device 50 and a 
reference block 55 are fixedly mounted. On the 
dressing device 50, truing or dressing grinder 61 is 

50 mounted to be rotatable about its vertically extend- 
ing axis. The top surface of the dressing 51 serves as 
a grinding surface 51 A for truing or dressing the 
bottom surface 17A of the grinding tool 17 mounted 
on the main spindle 16. The top surface of the 

55 reference block 55 defines a reference surface 55A. 
When the piston rod 28 of the pneumatic cylinder 26 
extends and the stopper 31 is brought into contact 
with the side surface of the main spindle head 12. the 
contact sensor 4 is in contact with the grinding 

60 surface 51A of the dressing grinder 51 or the 
reference surface 55A of the reference block 55. 
That is, in this condition, the contact sensor 4 is 
brought to the measuring position. On the other 
hand, when the piston rod 28 is retracted or 

65 withdrawn, the bell crank 23 returns to the rest 
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position where the long arm 23A extends leftwardly 
as shown in Fig. 4.A. . 

Fig. 5 shows positional relation of the various 
elements. 

A 2-axis dimension #A Is defined between a 
machining origin 60 and the top surface of the table 
13, which value has been known in advance. The 
main spindle head 12 is lowered from the machining 
origin 60 so as to start truing or dressing of the 
grinding tool 17 mounted on the main spindle 16 by 
grinding it with the dressing grinder 51. The terminal 
position Ho of the main spindle head 12 is given from 
the feed-back data or the feeding command value 
stored in the NC device 1. This terminal position Ho 
indicates the lowermost position to which the main 
spindle head 12 is moved depending on the 
cut-depth through the dressing. 

After the dressing is finished, a position H1 
defined by the grinding surface 51A of the dressing 
grinder 51 and a position H2 defined by the 
reference surface 55A of the reference block 55 are 
measured by the measuring device 3. Although the 
origins of the two positions Hi and Ha are not 
identified with the machining origin 60, this is not a 
matter of concern. Vertical dimension 44: E of the 
reference block 55 has been known in advance. 

The tool length Tl of the grinding tool 17 and the 
reduced amount Ai of the dressing grinder 21 after 
dressing can be calculated by using the above 
parameters; the terminal position Ho, the grinding 
surface position Hi, the reference surface position 
H2, the vertical dimension #£ and the 2-axis 
dimension #A. 

The tool length Tl calculated by the following 
equation; 

TL - #A-{ Ho -h (H2>Hi) } (1) 

The reduced amount AI of the dressing grinder 51 
is calculated by the following equation ; 
A1 « #C,.L-| #E -h (Hz -Hi) } (2) 
wherein ^ Ci-l represents the vertical dimension of 
the dressing grinder 51 before the dressing. 

According to these equations the vertical dimen- 
sion #C resulting from the dressing is represented 
by the following equation. 

#C = #Ci-L- AI (3) ^ • , 

Further, the reduced amounts A2 of the grinding 
tool 17 after the dressing is calculated by the 
following equation; 

A2 = { total cut depth value }-A1 (4). 
wherein the total cut depth value is provided by the 
command value from the dressing program in the 
NC device 1. . 

According to the above equations 2 coordinate 
axis at the start position for the subsequent dressing 
can be renewed In accordance with the following 
equation : 

Start position « Ho -f A2 (5) 

The cut depth value by the subsequent dressing 
can be maintained at a suitable predetermined value 
by correction the dressing program at the renewal 
dressing start position. 

The above described truing or dressing operation, 
measuring operation, various calculating operations 
and correction of dressing program are performed 
under the aegis of the computer incorporated in the 



NC device 1. 

Fig. 7 is a flowchart.for description of the program 
for controlling the computer. In step '200. the 
processing program Is started. In step 201 ^ the 
5 grinding too! 17 is moved according to a preset 
truing or the dressing program to the start position 
for starting the truing or dressing operation. In step 
. 202, the grinding tool 17 and the dressing grinder 51 
are ground from each other to thereby perforrn the 
10 truing or dressing. In this stage, the pneumatic 
cylinder 26 has not yet been actuated and-thtis the 
contact sensor 4 is in its rest position. After the 
truing or dressing the program advances to step 203 
where the position of the main spindle head 12 at the 
15 time when the truing or dressing has been termi- 
nated is stored as a terminal position Ho. 

In step 204. the main spindle head 12 is elevated 
and the pneumatic cylinder 26 is actuated to project 
its cylinder rod 28 so that the bell crank 23 is moved 
20 into its measuring position. In step 205, the table 13 
is horizontally moved and the main spindle head 12 is 
lowered until the contact sensor 4 outputs a contact 
indicative signal when the contact sensor 4 is 
brought into contact with the grinding surface 51 A of 
25 the dressing grinder 51. In step 206. a first position 
HI of the main spindle head 12 measured when the 
contact sensor 4 outputs the contact indicative 
signal is stored. 

In step 207. the main spindle head 12 is once 
30 elevated to release the contact sensor 4 from the 
dressing grinder 51, and the table 13 Is moved and 
the main spindle head 12 is again lowered to bring 
the contact sensor 4 into contact with the top 
surface of the reference block 55. in step 108, a 
35 second position H2 of the main spindle head 12 
measured when the contact sensor 4 outputs the 
contact indicative signal is stored. 

In step 209, the main spindle head 12 is elevated 
and the pneumatic cylinder 26 is retracted or 
40 withdrawn to have the bell crank 23 return to its rest 
position. 

In step 210. the tool length TL is calculated by 
equation (1) with the position informations repre- 
senting the terminal position Ho, the first and 
45 second positions Hi and H2 obtained in the 
processings performed in steps 203, 206 and 208, 
the previously known 2~axts dimension #A of the 
nr^ain spindle head 12, and the vertical dimension # E 
of the reference block 55. The calculated tool length 
50 TL is set into the tool corriection area of the 
numerical control apparatus 41. 

In step 211. the reduced amount Ai of the 
dressing grinder 51 and the reduced amount A2 of 
the grinding tool 17 are respectively calculated by 
55 equations (2) and (4) with the position informations 
Hi and H2 obtained through the processings in 
steps 106 and 108, the. previously known dimensions 
# E and # Ci-l, and the command cut-depth value 
programmed for the^ dressing. 
60 In step 212. the vertical dimension * C of the new 
dressing grinder is calculated in accordance with 
equation (3), and the resultant value is stored. 
Simultaneously, start position for the subsequent 
dressing is calculated by equation (5). The program 
65 date for the truing or dressing is corrected in 
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accordance with the calculated start position. After 
that, the program for the truing or dressing is 
terminated in step 213 and then a grinding work on a 
working will be carried out with using the tool length 
Tl set in this program series. In the subsequent 5 
grinding work, the workpiece can be ground to a 
level falling within an allowable range while measur- 
ing the ground amount In accordance with the first 
embodiment. 

As given explanation above, the grinding machine 10 
according to the second embodiment can measure 
the grinding surface 51 A of the dressing grinder 51 
and the reference surface 55A of the reference block 
55 without dismounting the grinding tool 17 from the 
main spindle 16. Thus, a high precise tool length 15 
setting operation and a correction of the program 
data for the subsequent truing or dressing can be 
achieved. Since the series of processings is auto- 
matically performed, the process can be perfomned 
within an extremely short period of time without 20 
need for a help of a skilled operator. This results in 
improved working efficiency. 

The grinding machine constituted according to 
the second embodiment provides an effect such that 
the tool length after the truing or dressing can 25 
automatically be measured without dismounting the 
grinding tool from the main spindle and thus a 
precise tool length can be set. This effect ensures to 
improve machining precision and working efficiency. 
Further, the second aspect of this embodiment can 30 
autdffi^tica!!y correct the program for the truing or 
dressing in response to the reduced amount of the 
grinder. This ensures that machining cycle from the 
dressing work to actual grinding work can automati- 
cally be repeated, thereby further improving working 35 
efficiency. 



Claims 

40 

1. A machine tool for machining a workpiece 
with a tool (9) comprising: 
a numerical control apparatus (1) having a 
function to control a relative movement of the' 
tool (9) with respect to the workpiece. the tool 45 
(9) being mounted on a main spindle, the main 
spindle being rotatably mounted on a main 
spindle head; 

a machining dimension measuring device (3) 
attached to the main spindle head for measur- 50 
ing a machining dimension of the workpiece, 
said measuring device including a contact 
sensor (4), for sensing a position and output- 
ting a position signal representative of the 
sensed position: 55 
a first storage means (5) for storing a first 
position signal outputted from said contact 
sensor (4) when said contact sensor (4) 
contacts a machining surface of the workpiece 
provisionally machined by the tool (9) ; 60 
a second storage means (6) for storing a 
second position signal outputted from said 
contact sensor (4) when said contact (4) 
contacts a reference plane; 

a machining error calculating means (7) for 65 



calculating a machining error based upon a 
difference between the machining surface and 
the reference plane In accordance with the first 
position signal stored in said first storage 
means (5) and the second position signal 
stored in said second storage means (6) said 
calculating means (7) outputting an error signal; 
an error correcting means (8) for producing an 
error correction signal in response to the error 
signal; and 

wherein said numerical control apparatus (1) 
controls the relative movement of *the tool <9) 
with respect to the workpiece In response to 
the error correction signal to thus finishingty 
machine the workpiece to have substantially no 
machining error. 

2. A machining tool according to claim 1, 
wherein said machining dimension measuring 
device (3) is movably attached to the main 
spindle head (12) and is moved toward the 
workpiece for sensing the position of the 
maching surface. 

3. A machining tool according to claim 2, 
wherein said machining dimension measuring 
device (3) is moved toward the reference plane. 

4. A machine tool according to claim 3, 
wherein said tool is a grinder rotatably mounted 
on the head of the main spindle. 

5. A measuring device (3) for use in a 
machine or grinding tool wherein a workpiece is 
machined or ground with a tool attached to a 
main spindle (16), the main spindle (16) being 
rotatably mounted on a main spindle head (12), 
said device comprising: 

a bell crank (23) pivotally movably supported on 
one side of the main spindle head (12), said bell 
crank (23) having a first arm (23A) and a second 
arm (23B) ; 

sensing means including a contact sensor (4) 
fixedly secured to the first arm (23A) for 
sensing a position and outputting a position 
signal representative of the sensed position; 
and 

an actuator (26) coupled between said second 
arm (23B) and said main spindle head (12) for 
actuating said bell crank (23) to pivotally move 
said contact sensor (4) between a first position 
and a second position wherein said contact 
sensor (4) is capable of sensing the position 
when moved to the first position and is 
incapable of sensing the position when moved 
to the second position. 

6. A measuring device according to claim 5, 
further comprising a stopper (31) attached to 
said bell crank (23). said stopper (31) being 
brought in contact with the one side of said 
main spindle head (12) when said contact 
sensor (4) is moved to the first position for 
limiting the pivotal movement of said bell crank 
(23). 

7. A measuring device according to claim 6, 
wherein said actuator (26) urges said second 
arm (23B) to move said contact sensor (4) from 
the second position toward the first position 
and said stopper (31) limits the pivotal move- 
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ment of said bell crank (23) against the urging 
force. 

8. A machining too! according to claim 1 , 2, 3 
or 4 including as said machining dimension 
measuring device a measuring device In ac- 5 
cordance with claim 1 , 2 or 3. 

9. A grinding machine for grinding a v^ork- 
piece with a grinding tool (17V mounted on a. 
main spindle (16) the main spindle (16) being 
rotatably mounted on a main spindle head (12) 10 
comprising: 

a numerical control apparatus (41) having a 
function to determine a length of the grinding 
tool (17). said numerical control apparatus (41) 
having a dhessing program; 75 
a dressing means (50) having a dressing 
surface (51) for dressing the grinding tool (17) 
mounted on the main spindle head (12); 
a tool length measuring device (43) for measur- 
ing the length of the grinding tool (17). said 20 
measuring device (43) including a contact 
sensor (4), for sensing a position and output- 
ting a position signal representative of the 
sensed position; 

a first storage means (42) for storing a first 25 
position data representative of the position of 
the main spindle (16) at the time when the 
dressing by said dressing means (50) Is 
terminated; 

a second storage means (43) for storing a 30 
second position data representative of a sec- 
ond position outputted from said contact 
sensor (4) when said contact sensor (4) 
contacts the dressing surface (51 A) of said 
dressing means (50) through a relative move- 35 
ment of said contact sensor (4) with respect to 
said dressing means (50) ; 
a third storage means (44) for storing a third 
position data representative of a third position 
outputted from said contact sensor (4) when 40 
said contact sensor (4) contacts a reference 
plane through a relative movement of said 
contact sensor (4) with respect to the reference 
plane; 

a tool length calculating means (45) for calculat- 45 
ing the length of the grinding tool (17) In 
accordance with the first position data, the 
second position data, and the third position 
data, said calculating means (45) outputting a 
calculating data representative of the calculated so 
length of the grinding tool (17); and 
a tool length determining means (46) for 
determining the length of the grinding tool (17) 
in accordance with the calculated data and 
providing a tool length data, said tool length 55 
data being applied to said numerical control 
apparatus. 

10. A grinding machine according to claim 9, 
further comprising : 

a reduced length calculating means (47) re- 60 
sponsive to the first, second and third position 
data for calculating a reduced length of said 
grinding tool (17) through the dressing of said 
grinding tool (17) ; and 

a dressing data correcting means (48) for 65 



correcting the dressing program in accordance 
with the calculated reduced length to set the 
dressing amount to a predetermined value. 

1 1 . A grinding machine according to claim 9 or 
10, including as said too! length measuring 
device a measuring device according to claim 
5, 6 or 7. 

12. A grinding machine for grinding a work- 
piece with a grinding tool (17) mounted on a 
main spindle (16), the main spindle (16) being 
rotatably mounted on a main spindle head (12). 
comprising: 

a numerical control apparatus (41) having a 
function to determine a length of the grinding 
tool (17) said numerical control apparatus 
. having a truing program; 
a truing means (50) having a truing surface (51) 
for truing the grinding tool (17) mounted on the 
main spindle head (12); 

a tool length measuring device (43) for measur- 
ing the length of the grinding tool (17). said 
measuring device (43) including a contact 
sensor (4) for sensing a position and outputting 
a position signal representative of the sensed 
position; 

a first storage means (42) for storing a first 
position data representative of the position of 
the main spindle (16) at the time when the 
dressing by said truing means (50) is termi- 
nated; 

a second storage means (43) for storing a 
second position data representative of a sec- 
ond position outputted from said contact 
sensor (4) when said contact sensor (4) 
contacts the truing surface (51 A) of said truing 
means (50) through a relative movement of said 
contact sensor (4) with respect to said truing 
means (50) ; 

a third storage means (64) for storing a third 
position data representative of a third position 
outputted from said contact sensor (4) when 
said contact sensor (4) contacts a reference 
plane through a relative movement of said 
contact sensor (4) with respect to the reference 
plane; 

a tool length calculating means (45) for calculat- 
ing the length of the grinding tool (17) in 
accordance with the first position data, the 
second position data, and the third position 
data, said calculating means (45) outputting a 
calculating data representative of the calculated 
length of the grinding tool (17) ; and 
a tool length determining means (46) for 
determining the length of the grinding tool (17) 
In accordance with the calculated data and 
providing a tool length data, said tool length 
data being applied to said nunierical control 
apparatus. 

13. A grinding machine according to claim 12. 
further comprising: 

a reduced length calculating means (47) re- 
sponsive to the first, second and third position 
data for calculating a reduced length of said 
grinding tool (17) through the truing of said 
grinding tool (17); and 
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a truing data correcting means (48) for correc- 
ting the truing program In accordance with the 
calculated reduced length to set the. dressing 
amount to a predetermined value. 

14. A grinding machine according to claim 12 5 
or 13, including as said tool length measuring 
device a measuring device according to^ claim 
5. 6 or 7. 
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